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Description 



CONDUCTOR LINE STRUCTURE AND 
METHOD FOR IMPROVED BORDERLESS 
CONTACT PROCESS TOLERANCE 

Background of Invention 

[0001] The present invention is related to integrated circuits and 
tlieir fabrication. More specifically, the invention relates to 
a structure and method of fabricating a conductor line 
(e.g. gate conductor, wordline, etc.) for improving process 
tolerances in providing borderless contacts. 

[0002] As described below, the present invention is directed to 
forming an improved conductor line structure of an inte- 
grated circuit (IC) which provides increased process toler- 
ance for forming a borderless contact to a semiconductor 
substrate. The present invention is especially well-suited 
for fabrication of wordlines and borderless bitline contacts 
of a dynamic random access memory (DRAM). 

[0003] Dynamic random access memories (DRAMs) include very 
densely packed arrays of semiconductor devices which are 



accessed by wordlines running in a first horizontal direc- 
tion over the major surface of a substrate, and a set of 
bitlines which run in a second horizontal direction over 
the major surface of the substrate. In a typical DRAM, a 
wordline is activated by raising its voltage to access a row 
of storage cells of a data storage array. When a particular 
row is accessed by an activated wordline, a bitline is used 
to read a data bit signal of a storage cell of that accessed 
row. This is done by transferring a charge stored in the 
storage cell to a sense amplifier. A bitline is used to write 
a data bit signal of a storage cell of the accessed row by 
transferring and storing a charge from the sense amplifier 
to the storage cell. Storage cells of a DRAM require peri- 
odic refreshing to avoid loss of the data stored therein. To 
refresh a storage cell, the bitline transfers the charge 
stored in the storage cell to the sense amplifier, amplifies 
it there to a desirable level, and then rewrites the storage 
cell with the same data by transferring the amplified 
charge back to the storage cell. 
[0004] In many DRAMs, wordlines have an encapsulated structure 
including a linearly extending conductor and an insulative 
structure encapsulating the top and sidewalls of the con- 
ductor. The insulative structure typically includes an insu- 



lating cap and insulating spacers. Silicon nitride is atypi- 
cal material for providing an insulating cap. Silicon nitride 
and/or silicon dioxide are typically used for providing in- 
sulating spacers. The linearly extending conductor gener- 
ally includes heavily doped polysilicon and/or one or more 
metals and/or one or more compounds of metals, espe- 
cially metal silicides. One or more barrier layers and/or 
adhesion layers may also be included within the conductor 
for enhancing performance. 
[0005] DRAMs having high integration density typically require 
wordlines to be encapsulated to support tight wordline 
pitch. Tight wordline pitch is also needed for best signal 
transfer on bitlines, because bitlines are shorter when 
wordlines have tight pitch, and shorter bitlines have less 
parasitic capacitance to interfere with signal transfer. 
When wordlines are spaced very close together, i.e. at any 
spacing less than about 1 1/2 times the minimum litho- 
graphic feature size or spacing (F) for the technology, the 
bitline contacts must be self-aligned to the insulative ma- 
terial which encapsulates the wordlines. The wordline to 
wordline spacing is typically set to the minimum spacing 
of 1 F, i.e. at the critical dimension. Because of difficulties 
in achieving perfect alignment between the critical dimen- 



sioned bitline contact mask and the underlying critical di- 
mensioned pattern, the minimum sized holes (of 1 F size) 
that are etched to form the bitline contacts would be sub- 
ject to landing on tops and/or sidewalls of the conductive 
wordlines. The bitline contacts formed by depositing a 
conductive material in the contact holes would then short 
circuit to the wordlines. Hence, wordlines must have con- 
ductors which are encapsulated both on their sides and 
top to prevent such shorting. Bitline contacts are then 
formed between such encapsulated wordlines which are 
self-aligned to the opening between the insulative mate- 
rial that encapsulates the wordlines. 
[0006] Such self-aligned process for forming bitline contacts be- 
tween encapsulated wordlines is known as a borderless 
bitline contact process. Some processes for forming bor- 
derless bitline contacts are described in U. S. Patent Nos. 
6,319,840 and 6,261,933. As described in U.S. Patent No. 
6,319,840, a bitline contact is formed in a self-aligned 
manner between two encapsulated wordlines. As used 
herein, the term "horizontal" means any direction which is 
parallel to the major surface of a semiconductor sub- 
strate, whereas "vertical" means a direction which is per- 
pendicular to that major surface. As shown in that patent 



in FIG. lA, a plurality of patterned conductive lines 14 are 
provided which run in a first horizontal direction over a 
major surface 11 of a single-crystal semiconductor region 
of a substrate 10. Conductive lines 14 can be both word- 
lines and gate conductors of a memory array, when the 
channel regions of transistors of the memory array are lo- 
cated below a layer 12 of gate dielectric and oriented in a 
direction parallel to the major surface of the substrate. Al- 
ternatively, the conductive lines 14 can be merely word- 
lines of a memory array, as connected to gate conductors 
of transistors having vertically oriented channels formed 
below the major surface of the substrate. In such case, 
layer 12 may be used as an array top oxide rather than a 
gate dielectric. Each patterned conductor line 14 includes 
sidewall spacers 16 that are formed on each side of the 
patterned conductive line. 
[0007] To form the borderless bitline contact, a contact hole is 
first etched in a dielectric region between two wordlines 
14 to reach the single-crystal semiconductor region 10 
below the wordlines. The etch process is generally but not 
completely selective to the material of the insulating side- 
wall spacers 16 and the insulating cap 18 that together 
encapsulate the wordline. Thereafter, heavily doped 



polysilicon is deposited in contact with the exposed sin- 
gle-crystal silicon to form a borderless bitline contact that 
is self-aligned to the encapsulated wordlines. 

[0008] As the chip area occupied by a DRAM is reduced from one 
technology generation to the next, the minimum litho- 
graphic feature size F (equivalent to minimum spacing) is 
also reduced such that there is less space available for ac- 
commodating both the bitline contact and the sidewall 
spacers disposed to the sides of the bitline contact. 

[0009] It is apparent that there is a minimum thickness for the 
sidewall spacers formed on the conductor line, below 
which poor results are obtained. While the bitline contact 
holes are formed by etching selectively to the material of 
the spacers, the selectivity is not complete, such that the 
thickness of the spacer is reduced somewhat during the 
etch. If the resulting sidewall spacers become too thin, 
then capacitance between the wordline and bitline can in- 
crease up to several times the desired maximum capaci- 
tance, which degrades the quality of the bitline signal. If a 
spacer becomes thinned, i.e., etched through, to the point 
that the bitline comes in conductive contact with the 
wordline, the bitline will short circuit to the wordline. 

[0010] Figure IB is a cross-sectional diagram illustrating this 



problem. When the minimum feature size F for litho- 
graphically patterning structures of a DRAM is decreased 
below 100 nm, the thickness of spacers 116 can be too 
thin to prevent undesired conductive contact between 
metal layers 114 of wordlines having width of the mini- 
mum feature size F and the bitline contact 132. Such un- 
desired contact causes a short circuit between the partic- 
ular wordline and the bitline, causing at least the bitline to 
become inoperative and, often the wordline as well 
(depending on the technique used for bitline sparing). The 
most probable location for the undesired contact to occur 
is the top corner 134. 

[0011] On the other hand, it is apparent that there is little toler- 
ance for increasing the thickness of the sidewall spacers. 
When the sidewall spacers are too thick, poor contact 
(highly resistive) or nonexistent contact will be made be- 
tween the bitline contact and the drain of the transistor 
that is formed in the single-crystal semiconductor region 
110 of the substrate. Such condition, known as "bitline 
contact open" must be avoided. 

[0012] The thickness of the sidewall spacer is also limited for 
other reasons. In addition to the memory array, every 
DRAM, including standalone DRAMs and DRAMs which are 



embedded in chips liaving additional function, e.g. a pro- 
cessor, includes other "support" transistors which are op- 
timized for certain performance such as switching, drive 
and/or gain. The sidewall spacers of transistors in the 
memory array are formed at the same time and by the 
same process as the sidewall spacers of such support 
transistors. The support transistors require the sidewall 
spacers to remain relatively thin for performance reasons. 
For one, the sidewall spacers need to relatively thin in or- 
der to allow implants and other processes to be per- 
formed in close proximity to the channel regions of the 
transistors. 

[0013] The spacer thickness is a very important process parame- 
ter for planar device performance. The spacer thickness 
affects the threshold voltage, leakage current, and drive 
current of planar transistors, e.g. planar passgate transis- 
tors for the memory cell array and support circuit devices. 
The sidewall spacers cannot be thickened in the memory 
cell array without impacting the performance of support 
transistors. Accordingly, the sidewall spacer thickness 
must be maintained within the tolerances for fabricating 
the support transistors. 

[0014] Figure 2 illustrates one approach for addressing the pos- 



sibility of shorting between wordline and bitline contact. 
The approach described here is bacl<ground to the present 
invention but is not admitted to be prior art. In this ap- 
proach, an upper (metallic or metal compound) layer or 
layers 214 of the conductor line stack is defined as a nar- 
rower structure than the lowest layer 215, which is com- 
posed of a different material such as doped polysilicon. In 
such approach, the conductive stack including the lowest 
layer 215 and the upper layer 214 can be formed by pho- 
tolithographically patterning a resist layer to have 1 F 
width, and then performing a vertical etch, such as a reac- 
tive ion etch (RIE), stopping on the underlying oxide layer 
212. A subsequent process can then be performed, such 
as a mask open process to first thin the profile of the in- 
sulating cap 218 and then etch the upper layer 214 selec- 
tive to the polysilicon of the lowest layer 215, to decrease 
the width of the upper layer 214. 
[0015] However, this approach leaves much to be desired. When 
the upper layer of the wordline line is made narrower, 
higher resistance results because the portion of the word- 
line containing the metal(s) and/or metal compound(s) 
has smaller cross-sectional area. The higher resistance 
causes higher propagation delay along the wordline. 



which degrades the speed of the circuit. A second prob- 
lem is that the performance of memory array transistors 
coupled to the wordline is sensitive to the thickness of the 
spacers 220. As described above, the sidewall spacer can- 
not be thickened without limit, in order to avoid affecting 
the performance of the support transistors. Rather, the 
sidewall spacer thickness must be maintained within the 
tolerances provided therefor, and little margin is provided 
for variation. 

[0016] In view of the foregoing, it would be desirable to provide a 
structure and method of forming a conductor line which 
improves process tolerance for forming borderless bitline 
contacts. 

[0017] It would further be desirable to provide a structure and 

method of forming a conductor line having a layer includ- 
ing a metal and/or metal silicide which provides improved 
process tolerance while maintaining resistance tolerably 
low. 

Summary of Invention 

[0018] According to an aspect of the invention, a structure and 

method are provided for a conductor line stack of an inte- 
grated circuit. The conductor line stack includes a layer of 
a first material such as heavily doped polysilicon and/or a 



metal silicide. A layer of a second material such as a metal 
is formed over the layer of first material, the layer of sec- 
ond material having an upper portion and a lower portion. 
A pair of first spacers is disposed on sidewalls of the up- 
per portion, wherein the lower portion has width defined 
by a combined width of the upper portion and the pair of 
first spacers. 

[0019] According to a preferred aspect of the invention, a pair of 
second spacers is formed on sidewalls of the first spacers, 
the lower portion and the layer of first material. 

[0020] According to another preferred aspect of the invention, 

the conductor line stack structure is suited to formation of 
a borderless bitline contact in contact therewith. 

[0021] According to yet another preferred aspect of the inven- 
tion, a conductor contact structure is provided. The con- 
ductor contact structure includes a pair of conductor line 
stacks oriented in parallel, wherein each conductor line 
stack includes a layer of a first material selected from 
heavily doped polysilicon and a metal silicide; and a layer 
of metal formed on the layer of first material, the layer of 
metal having an upper portion and a lower portion. 

[0022] In such preferred aspect of the invention, each conductor 
line stack further includes an insulating cap formed over 



the layer of metal; and a pair of first spacers disposed on 
sidewalls of the upper portion and the insulating cap, the 
lower portion having width defined by a combined width 
of the upper portion and the pair of first spacers. A pair of 
second spacers is disposed on sidewalls of the first spac- 
ers, on sidewalls of the lower portion and on sidewalls of 
the layer of first material. 
[0023] According to a preferred aspect of the invention, a bor- 
derless bitline contact to a single-crystal semiconductor 
region is disposed below the pair of conductor line stacks, 
the bitline contact contacting sidewalls of the second 
spacers of the conductor line stacks, such that a conduc- 
tor line stack of the pair is separated from the single- 
crystal semiconductor region by an array top oxide layer 
and another conductor line stack of the pair is conduc- 
tively coupled to a gate conductor of a vertical passgate 
transistor of a dynamic random access memory. 
Brief Description of Drawings 

[0024] Figure lA is a cross-sectional view illustrating a prior art 
structure including a borderless bitline contact formed 
between a pair of conductor lines. 

[0025] Figure IB is a cross-sectional view illustrating a problem 
of the prior art in which a borderless bitline contact 



formed between a pair of conductor lines conductively 
contacts (i.e., is sliort-circuited to) one of the conductor 
lines. 

[0026] Figure 2 is a cross-sectional view a structure formed ac- 
cording to a method which is background to the present 
invention, but which is not admitted to be prior art. 

[0027] Figure 3A is a cross-sectional view illustrating a pair of 

conductor lines according to an embodiment of the inven- 
tion, as combined with a borderless bitline contact dis- 
posed between the pair. 

[0028] Figure 3B is a cross-sectional view illustrating a pair of 

conductor lines according to an embodiment of the inven- 
tion applied to the wordlines of a DRAM array, as com- 
bined with a borderless bitline contact disposed between 
the pair. 

[0029] Figures 4 through 10 are cross-sectional views illustrating 
stages in fabricating conductor lines according to an em- 
bodiment of the invention. 
Detailed Description 

[0030] By the present invention, an improved conductor line 

structure is provided which decreases the proximity be- 
tween the metal layer of the conductor line and a border- 
less contact that is formed adjacent to the conductor line. 



In such manner, the tendency of the conductor line to be- 
come short-circuited to the borderless contact as a result 
of the minimum feature size of the technology being re- 
duced. 

[0031] The conductor line is improved in this manner while 

maintaining resistance within a tolerable range. This is 
accomplished by processing the metal layer of the con- 
ductor line in two portions. An upper portion of the metal 
layer has reduced width such that proximity between the 
upper portion and the bitline contact is increased. Resis- 
tance is kept within tolerable limits by fabricating a lower 
portion of the metal layer having a larger width which is 
preferably equal to the width of a polysilicon layer of the 
conductor line that is formed below the lower layer. 

[0032] Embodiments of the invention will now be described in re- 
lation to the figures which illustrate preferred structures 
and methods for implementing the invention. Figure 3A 
illustrates, in cross-section, the structure of a pair of con- 
ductor lines according to an embodiment of the invention 
in which a borderless bitline contact 332 to the substrate 
310 is formed between the pair of conductor lines. 

[0033] Substrate 310 employed in the present invention can in- 
clude any semiconducting material, including, but not 



limited to: Si, Ge, SiCe, GaP, InAs, InP and all other lil/V 
compound semiconductors. The substrate may also be 
composed of a layered semiconductor such as Si/SiCe, Si/ 
SiO^/Si or silicon-on-insulator (SOI) having a single-crys- 
tal semiconductor region as an uppermost layer. The sub- 
strate may be of n-type or p-type conductivity depending 
on the type of device or devices to be fabricated. More- 
over, the substrate may contain various isolation regions 
such as shallow trench isolation (ST!) regions, LOCOS 
(local oxidation of silicon) regions or other like isolation 
regions either formed in the substrate or on a surface 
thereof. Typically, a dielectric layer 312 separates the 
conductor lines 302 from the surface of the substrate 
310. The substrate most preferably includes an upper re- 
gion of single-crystal silicon in contact with the dielectric 
layer 312. In an embodiment in which the conductor lines 
302 function as gate conductors of insulated gate field ef- 
fect transistors ("IGFETs" or commonly "FETs"), the dielec- 
tric layer 312 is a thin layer which functions as a gate di- 
electric for planar transistors of a storage cell array. In an- 
other embodiment, the dielectric layer 312 can be a 
thicker array top oxide layer which functions as an isola- 
tion layer for drain regions of vertically oriented transis- 



tors of a storage cell array. 

[0034] Each conductor line preferably includes a layered stack in- 
cluding a lowest layer of doped polysilicon 313 and one or 
more layers 314 of metals and/or one or more com- 
pounds of metals, especially metal silicides. For ease of 
reference, such layer or layers 314 of metal(s) and/or 
metal compound(s) is hereinafter referred to as a "metal 
layer." An optional barrier layer comprising tungsten ni- 
tride (WN), titanium nitride (TIN) or tantalum nitride (TaN), 
for example, may be formed between the doped polysili- 
con layer 313 and the conductive metal and/or metal 
compound layer(s) 314. 

[0035] As further shown in Figure 3A, the metal layer 314 has an 
upper portion 316 and a lower portion 317. A dielectric 
cap 318, preferably including silicon nitride, is disposed in 
contact with the upper portion 316 of each conductor 
Iine302. The upper portion 316 is narrower than the lower 
portion 317 by the width of spacers 320 that are formed 
on sidewalls of the cap 318 and upper portion 316. The 
lower portion 317 preferably has the same width as the 
polysilicon layer 313 that contacts dielectric layer 312 be- 
low. 

[0036] As further shown in Figure 3A, because the upper portions 



316 of a pair of conductor line structures 302 liaving re- 
duced widtli, more space is now available for providing a 
borderless conductive contact 332 between the pair to the 
substrate 310 relative to that described above with refer- 
ence to Figure IB. In addition, the conductive contact 332 
is better isolated from the metal layer 314 of the conduc- 
tor line 312 by a spacer 320 having increased thickness 
relative to that shown in Figure IB. 
[0037] Also, since the metal layer 314 has a lower portion 317 
which spans the width of the polysilicon layer 313 below, 
the metal layer 314 can be formed to have lower resis- 
tance, in two ways, than the metal layer 214 of the con- 
ductor line structure described above relative to Figure 2. 
First, the metal layer 314 has lower sheet resistance in the 
direction of its length (i.e. in the direction into and out of 
the page) because it has greater cross-sectional area. Bar- 
ring any change in the vertical thickness of the metal layer 
314, the cross-sectional area of the metal layer 314 in the 
cross-section illustrated in Figure 3A is greater than the 
cross-sectional area of the metal layer 214 in the back- 
ground structure shown in Figure 2 because of the exis- 
tence of the wider lower portion 317. In addition, because 
the lower portion 317 now has a greater width in contact 



with the polysilicon layer 313, lower contact resistance is 
achieved. Contact resistance is defined as the resistance 
in the vertical direction between the top of the metal layer 
314 and through the entire thickness of the metal layer 
314 and the polysilicon layer 313. Contact resistance be- 
tween a metal layer and a heavily doped polysilicon layer 
can be significant. Heavily doped polysilicon, although 
conductive, has a resistivity of about 1000 \xQ.cm. Polysil- 
icon is much more resistive than metals which typically 
have resistivity of less than about 50 piQ.cm. Making the 
lower portion 317 of the metal layer 314 wider that is in 
contact with the polysilicon layer 313 lowers the contact 
resistance by providing a metal layer 314 which has a 
greater horizontal cross-sectional area in contact with the 
polysilicon layer 313. 
[0038] In a particular embodiment, substrate 310 may include 

trench capacitors, such as deep trench capacitors. Trench 
capacitors can be used for a number of purposes. Notably, 
trench capacitors are used as storage capacitors in stor- 
age cells of a DRAM. Other purposes exist, as well, such 
as for providing decoupling capacitance. Figure 3B illus- 
trates a particular embodiment in which a conductor line 
304 functions as a wordline interconnected to a storage 



cell 305 of a DRAM. The storage cell 305 includes a pass- 
gate transistor and a storage capacitor. The wordline 304 
is interconnected to the storage cell by a gate conductor 
340 of a vertically oriented passgate transistor formed 
within an upper portion of a deep trench 342. The vertical 
transistor provides a switchable interconnection to a stor- 
age capacitor formed in region 344 of the trench below 
the vertical transistor. The vertical passgate transistor fur- 
ther includes a gate dielectric 348 and a channel region 
350 operated by the gate conductor 340 through the gate 
dielectric 348, as well as a drain region 352 near the sur- 
face of array top oxide 312 and a source region 354 be- 
low the channel region 350. 
[0039] As further shown in Figure 3B, another conductor line 306 
passes the area near the storage capacitor 344 but with- 
out having an interconnection to the storage capacitor 
344 or the vertical transistor of a DRAM cell 305 including 
trench 342. This conductor line 306 is referred to as a 
passing conductor because of its lack of conductive inter- 
connection at a particular DRAM cell of a DRAM storage 
cell array. The conductor line 306 is isolated from inter- 
connection with the DRAM cell by the array top oxide 312. 
The conductor line 306 may connect to other DRAM cells 



of the DRAM storage cell array. Alternatively, where space 
is available within a DRAM array or at edges of such array, 
the conductor line 306 may serve another purpose. For 
example, the conductor line may provide interconnection 
to decoupling capacitors and/or to transistors provided 
for a purpose other than as passgates of DRAM storage 
cells. 

[0040] As in the embodiment shown and described above relative 
to Figure 3A, the embodiment shown in Figure 3B includes 
a metal layer 314 formed above a polysilicon layer 313 in 
the case of passing conductor 306. In the case of conduc- 
tor line 304, the metal layer 314 is formed above a gate 
conductor 340 which is composed of polysilicon. Other 
structure including cap layer 318, first sidewall spacers 
320 and second sidewall spacers 321 appear as they did 
in the embodiment described above relative to Figure 3A. 

[0041] A method of forming conductor lines and a borderless 
contact to the substrate between the conductor lines will 
now be described, with reference to 3A through 10. As 
shown in Figure 4, the method begins with a stack 334 of 
material layers on a substrate 310, each layer of the stack 
334 being deposited successively over the layer deposited 
before it. The layered stack includes a dielectric layer 312, 



and a layer of doped polysilicon 313 formed on the di- 
electric layer 312. The dielectric layer 312 can be a gate 
dielectric, or alternatively, array top oxide of a DRAM 
storage cell array. As contemplated in a most preferred 
embodiment, conductor lines are to be used as wordlines 
of a DRAM storage cell array. In such DRAM storage cell 
array, the transistor of each storage cell is most preferably 
an n-type conductivity field effect transistor (NFET). For 
workfunction matching, the gate conductor of an NFET 
should best include a material having a workfunction that 
is close to that of the conductivity type of the transistor. 
Therefore, the polysilicon layer 313 most preferably is 
doped n-type, having a dopant concentration between 
about lO^^crn'^ to about lO^^cm'^. 
[0042] The layered stack 334 further includes a "metal layer" 314 
including one or more metals and/or one or more com- 
pounds of metals, for example, a metal silicide. A pre- 
ferred metal for use in the metal layer 314 is tungsten (W), 
because chemical vapor deposition (CVD) processes exist 
for depositing tungsten, while many metals cannot be de- 
posited by such technique. CVD is advantageous over 
available alternative deposition techniques such as physi- 
cal vapor deposition (PVD) techniques for reasons related 



to time, cost and/or quality of processing. Wlien tlie metal 
layer 314 includes only a metal silicide, tungsten silicide 
is a preferred metal silicide for the same or similar rea- 
sons that tungsten is a preferred metal. As indicated 
above, the metal layer 314 may include one or more addi- 
tional layers such as a barrier layer and/or adhesion layer 
(or dual function barrier/adhesion layer) between different 
materials of the metal layer 314 and/or between the metal 
layer 314 and the polysilicon layer 313 that underlies it. 
Such barrier/adhesion layer can be composed of titanium 
nitride (TIN) or tantalum nitride (TaN), for example. In ad- 
dition thereto, a deposition of titanium (Ti) having very 
short duration, e.g. less than one minute in duration, may 
be performed to create a "flash" titanium layer between 
respective layers of the metal layer 314 and/or between 
the metal layer 314 and the underlying polysilicon layer 
313. 

[0043] A dielectric material layer 319 is formed over the metal 

layer 314 for the purpose of being patterned to provide an 
insulating cap over the conductor line and for serving as a 
hardmask when the layered stack 334 is etched as follows 
to form conductor lines. The dielectric material layer 319 
is preferably composed of silicon nitride. In an alternative 



embodiment, the dielectric material layer 319 can be 
composed of silicon dioxide instead. 

[0044] Next, as illustrated in Figure 5, conductor line stacks are 
provided by directionally etching the layered stack struc- 
ture 334 in the vertical direction, selectively to the mate- 
rial of the dielectric layer 319. Such etch is preferably per- 
formed by reactive ion etching (RIE). This etch is stopped 
at a level 324 that is between the bottom of the layer 314 
in contact with the polysilicon layer 313 and the top of the 
layer 314 which is in contact with the dielectric cap mate- 
rial. The level 324 is preferably at about the midpoint be- 
tween the bottom and the top of the layer 314. 

[0045] There are many ways to accomplish stopping the etch at a 
particular level 324. For one, a timed etch can be em- 
ployed. The timed etch has the advantage that it does not 
require not require finely controlled depositions of certain 
material layers within the metal layer 314 for use in end- 
pointing the etch. Alternatively, positive endpointing can 
be used which involves formation of a particular layer 
within metal layer 314 which can be distinguished during 
the etch process. For example, a distinguishable material 
can be provided at a certain point within metal layer 314 
which produces a particular chemical signal when the 



etching process reaches it. For example, a nitride, e.g. 
TiN, or TaN, can be distinguished by a nitrogen-con- 
taining chemical signal (e.g. ammonia NH ) when the 

4 

etchant is selected appropriately. An advantage of a timed 
etch is that it does not require any such distinguishable 
layer to be formed within the metal layer 314, making it 
less costly to implement in terms of processing complex- 
ity. A disadvantage of the timed etch is that it is less well- 
controlled than other processes that provide positive end- 
pointing, such that the timed etch can result in a greater 
margin of error for controlling the thicknesses of the up- 
per portion and lower portion of the metal layer 314. 
[0046] A third possible way of etching metal layer 314 only down 
to the desired level 324 is to perform etching selective to 
a distinguishable layer within metal layer 314 such that 
the etch process effectively slows to a very slow rate and/ 
or stops on the distinguishable layer. This process can 
also be used in conjunction with a timed etch such that 
the two methods complement each other, the timed etch 
shutting down etching if the endpoint is not reached there 
prior. Such distinguishable layer can again be composed 
of a conductive nitride such as of TiN and/or TaN. An ad- 
vantage to this approach is that the level 324 can be more 



precisely reached than by a timed etch alone. 

[0047] Next, as shown in Figure 6, sidewall spacers 320 of di- 
electric material are formed on sidewalls of the insulating 
caps 318. The sidewall spacers are formed by the follow- 
ing process. A conformal layer of material is deposited 
over the structure having the exposed insulating caps 318 
and lower portion 317 of the metal layer 314. Next, a di- 
rectional etch such as RIE is used to vertically etch the 
structure down to the level 324 of the lower portion 317. 

[0048] Next, as shown in Figure 7, the lower portion 317 of the 
metal gate layer 314 and the polysilicon layer 313 are re- 
moved from all areas except where they are protected un- 
der other structure including insulating cap 318 and side- 
wall spacers 320. The etch is preferably performed by RIE, 
stopping on the dielectric layer 312 disposed below the 
polysilicon layer 3 13. and the lower portion 317 and 
polysilicon portion 313 of the conductor lines are etched 
down to the dielectric layer 312. The sidewall spacers 320 
are preferably composed of silicon nitride. The sidewall 
spacers are preferably etched in this step by continuing 
the etch directionally by RIE, stopping on the dielectric 
layer 312 disposed below the polysilicon layer 313. 

[0049] Next, as shown in Figure 8, a second pair of sidewall 



spacers 321 are formed on sidewalls of the structures il- 
lustrated in Figure 7. Stated another way, the second pair 
of spacers 321 is formed on sidewalls of the first pair of 
spacers 320, the metal layer 314 and the polysilicon layer 
313 that underlies the metal layer 314. These spacers are 
preferably composed of the same material of which spac- 
ers 320 are composed. A preferred material of the spacers 
321 is silicon nitride for providing etch selectivity relative 
to an oxide for a subsequent bitline contact etch (Figure 
10), when a gap-filling dielectric material that is formed 
between the conductor lines consists essentially of an ox- 
ide. The sidewall spacers 321 are preferably formed by 
the following process. A conformal layer of material is de- 
posited over the structure having the exposed insulating 
caps 318 and first spacers 320. Next, a directional etch 
such as RIE is used to vertically etch the structure down to 
the level of the dielectric layer 312. 
[0050] Next, as shown in Figure 9, a dielectric gap fill material 

336 is deposited to fill the gap between respective second 
spacers 321 of conductor line stacks 302. The gap fill 
material is desirably selected for properties in filling the 
gap between adjacent conductor line stacks 302 which 
generally has high aspect ratio, "high aspect ratio" mean- 



ing that the ratio of height to width is greater than two. 
Conventional processes such as CVD, evaporation, spin- 
on-coating, etc. can be used to deposit the gap fill mate- 
rial 336. Examples of appropriate gap fill materials that 
can be deposited by CVD include but are not limited to 
borophosphosilicate glass (BPSC) and arsenic doped glass 
(ASC). 

[0051] Thereafter, a further dielectric material layer 337 is de- 
posited over the gap fill material 336. When the sidewall 
spacers 320, 321 are formed of silicon nitride, the dielec- 
tric material layer 337 preferably includes an oxide for 
distinguishing etch selectivity for the sidewall spacers 
320, 321 which are to remain after the holes for the bor- 
derless bitline contacts are etched. Such dielectric mate- 
rial layer 337 is commonly referred to as an oxide cap 
337. 

[0052] As further shown in Figure 9, thereafter, a hardmask layer 
338 is deposited over the oxide cap layer 337. The hard- 
mask layer 337 preferably includes one or more oxide 
layers. Thereafter, a conventional photoresist (not shown) 
is then formed on top of the hardmask and a contact hole 
is patterned in the photoresist by conventional lithogra- 
phy. 



[0053] Thereafter, with reference to Figure 10, contact holes are 
etched between the conductor lines 302 through the di- 
electric layer 312 to the substrate 310. Such contact holes 
can be etched either according to vertical-oriented via 
patterns in a photoresist pattern above the hardmask 
layer 338, or according to linearly extending line-mask 
patterns. In a preferred embodiment, the contact holes are 
alternating line-space patterns (not shown) which extend 
in the left-right orientation of the Figure 10. This can be 
accomplished as follows. A photoresist layer (not shown) 
is exposed with a line-space pattern of a mask, and 
thereafter the exposed resist layer is developed. An etch- 
ing step is then performed to transfer the line space pat- 
tern to the hard mask. The etching step also removes a 
portion of the cap oxide layer 337. Next, the etch between 
the conductor lines 302 is performed, preferably by reac- 
tive ion etch. The etching includes the steps of etching 
oxide cap layer, dielectric material. 

[0054] As a result of the etching, the spacers 321 and possibly 

spacers 320 that insulate the metal layer 314 and polysili- 
con layer 313 are subject to being eroded. However, since 
in the present embodiment, more space is available be- 
tween the outer (second) spacers 321 of the conductor 



lines 302, there is less chance that the protective spacers 
covering the corners 346 will be eroded to the point that a 
borderless contact formed in such contact hole will short- 
circuit to one or more of the conductor lines 302. 

[0055] A layer of one or more materials generally including 

polysilicon deposited to contact substrate 310, followed 
by one or more of metals and/or metal compounds such 
as metal silicides are then deposited into the contact hole 
to form a conductive contact to the substrate, as shown in 
Figures 3A and 3B. 

[0056] While the invention has been described in accordance with 
certain preferred embodiments thereof, those skilled in 
the art will understand the many modifications and en- 
hancements which can be made thereto without departing 
from the true scope and spirit of the invention, which is 
limited only by the claims appended below. 



